MJLTI-CHARACTER DISPLAY DRIVERS SIMPLIFY DISPLAY DESIGN 
AND ARE EASILY INTEGRATED INTO COMPUTER RASED SYSTEMS. 
by DAN WATSON, INTERSIL INC. 


Decoding and driving circuits for various tynes of 
numeric and alnhanumeric disnlays have been areatly 
simplified by larne scale integration. These new disolay 
drivers dramatically exhibit the following benefits .and 
advantages over discrete desians? 


- more circuit functions in less soace 
- simoler desian effort for the user 

- more flexible »overation 

- reduced circuit exvense 


Consider, for examnle, the design of an ASCII eiaht 
cheracter alohanumeric multinlexed LED disnlay system. The 
block diaaram for such a system constructed with discrete and 
MSI comnonents is shown in figure 1. Included as one.of the 
blocks is an eiaht word by six bit memory which stores. the 
six bit ASCII word ‘for’ each .-of ‘the charactéres co- be 
displayed. The addresses for the memory are selected either 
from the innut circuitry when writino to the disolay or - from 
the three bit counter which aenerates the addresses for the 
three line to eiaht line decoder. The NPN transistors drive 
the common cathode disolay for each character. The data from 
the memory is sent to a decoder which determines the correct 
seaments to be turned on and would have to be ae specially 
programmed ROM or PLA with one outout for each of’ the 14 or 
16 seaments in the character. The rNP transistors serve as 
individual seoment drivers and the resistors in each of their 
collectors serve to set the current for that Se amen, 


FIGURE 1. EIGHT CHARACTER ALPHANJMERIC LED DISPLAY SYSTEM 
(DISCRETE DESIGN) 


By contrast, fioure 2 shows an ASCII ~ eight-—character 
alohanumeric multiplexed LED disolay system in which all of 
the decodina, multinlexina, and driving is accomnlished by a 
sinale integrated circuit, Intersil’s ICM7243. *#The savings 
in board space, desion time by the user, and cost are easv to 
see. Additionally, this single chip apnroach will have 
several features such as micronrocessor comnatibility, low 
power shutdown mode, and automatic interdigit blankina built 
in. These features would require extra circuitry in the 
discrete design and increase the cost of the system. 


FIGURE 2. EIGHT CHARACTER ALPHANUMERIC DISPLAY SYSTEM 
SINGLE CHIP DESIGN) 


The intearated circuits now available orovide a wide 
selection of display drivina canability and can be divided 
into several cateaories. Most numeric display drivers also 
provide a few alnohabetic characters for disolayina 
hexadecimal values. True alnhanumeric disvlay devices = have 
numbers, letters, punctuation marks. and other symbols in 
their character sets. The interconnection to disnolay driver 
ICs also varies from multinlexed BCD innuts to serial bit- 
stream arrangements or varallel nicroprocessor bus compatible 
innut schemes. 
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NON-MULTIPLEXED DISPLAYS 


Intersil offers a family of four-digit numeric disnlay 
drivers that directly drive the disnvlay elements without 
multiplexing. In this case direct drive means that there is 
one line for each seament of the disnlay (four diaits times 
seven segments = 28 lines). The ICM7211 drives liaguid 
crystal disnlays (LCD), the ICM7212 drives liaht emittina 
diode disnlays (LED), and the ICM/7235 drives vacuum 
fluorescent display panels (VF). The seaoment driver outputs 
of the ICM7235 can handle un to 30 volts when off, which is 
more than adequate for most vacuum fluorescent disnlays. 
Since the disolay outputs are not multinlexed, the ovower 
supply current in the LED and VF devices will only  chanae 
when the dinits being disolayed chanoe. This is in contrast 
to multivlexed disnlays where the oower suonly current 
chanoes radically at the multiplex rate. These three disnlay 
drivers are identical exceot for the outout driver 
structure. Multiolexed BCD or microprocessor bus compvatible 
innut configurations are available. Intersil’s ICL7135 4 172 
diait A/D converter, and many other devices and = systems, 
outouts the data in the multinlexed BCD format which is 
directly comnatible with this line of disnlay drivers. The 
standard character sets of these devices are shown in table 
eS Any other combination of seven-seament characters can be 
mask programmed. 


TABLE 1. HEXADECIMAL AND CODE-B CHARACTER SETS 


Figure 3 shows a vair of ICM7211M devices set up on an 
8048 bus and accessed by nort lines to form an eiaht digit 
LCD display for a microcomnuter based system. in: this 
arranaement any digit can be chanaed independantly from the 
rest and the disolay used for system values in decimal or 
hexadecimal notation. The lines BO-B3 are the data inout 
lines of the disolay drivers. The data on these lines is 
decoded from BCD to seven seament format when the chip select 
(CSI and CS2) conditions are met for that device. The digit 
to be written is determined by the digit select lines, DSI 
and DS2. The 56 seament drive lines from the two ICM72I1s are 
synchronized by use of the OSC INPUT (pin 36) on the riaht- 
hand ICM7211. When this pin is tied high, the backplane 
outout (vin 5) is transformed into an input and can be driven 
by the backpolane output of the left-hand ICM7211. In this way 
a single eiaht diait LCD disolay with one backolane 
Connection can be driven by two LCD disnlay drivers. 


FIGURE 3. EIGHT DIGIT LCD MICROCOMPUTER DISPLAY 


The ICM7211, 7212, and 7235 disolay drivers are directly 
related to a family of counter/disnvlay drivers, ICM/7224, 
7225, and 7236. These devices are 4 1/2 digit counters that 
directly drive LCD, LED or VF disnlays. They are capable of 
counting at a 25MHz rate, disolavina results up to 19999, and 
are easily cascadable to form hiaher resolution counters. 
Evaluation kits for these counters, disnlay drivers, and the 
ICL7135 A/D converter are available from Intersil. 


— MULTIPLEXED DISPEAYS —.-.. 
Intersil%s ICM7218 family of eioht-diait multinlexed LED 
numeric display drivers is. more versatile and require fewer 
interconnect lines than non-multiplexed display drivers. The 
A, C, and E suffix devices will drive common-anode LED 
displays while the B and D suffix devices will drive common- 
cathode LED disolays. All have selectable character sets 
(hexadecimal or code B as in table 1), shutdown mode, and 
decimal point inputs and outpnuts. The ICM/218C, D, and E are 
capable of indevendantly addressing any of the eioht diaits 
witout changina the others. The ICM/7218A and B address’ the 
diaits sequentially when written to by external circuitry. 


A 16 digit microprocessor disvlay apolication is shown 
in fiaqure 4 using two ICM7218C devices connected to the data 
and address lines of an 8048 microcomputer. Note that the 
individual seven segment displays are interleaved to simplify 
the addressing of the two driver chips. The three digit 
address lines of each ICM7218 are tied to the same _ three 
address lines of the 8048. When data apnears on the _ data 
output lines of the 8048 and the write command is osiven the 
disnlay drivers will be addressed simultaneously and the two 
digits addressed by DAO, DAI, and DA2 will be written 
simultaneously. The decimal pnoint inouts come from the 8048 
address lines. The code selected by vin 9 of the ICM7218 is 

-hexadecimal. 


FIGURE 4. 16 DIGIT LED MICROCOMPUTER DISPLAY 


Independant addressing and the no-decode mode of the 
ICM7218A, B, and E allow them to be used in non-numeric 
applications. Since each LED seqment is indenendantly 
addressable by way of eight data input lines and eight 
segments per diait ( 7 + decimal vnoint ), it is possible to 
use them as LED system status nanel drivers or as 64 seament 
bar oaranh drivers. Two LED system status panel examples are 
shown in figure 5, one with 32 channels of red and oareen 
LEDs, and one with 21 channels of red, yellow, and areen 
LEDSs Both of these status ovanels can be driven by one 
ICM7218 dispvlay driver with individual LEDs arranaed in 
grouos of eiaht for each of the eiaht diait drive outputs. 


FIGURE 5 STATUS PANEL EXAMPLES FOR ICM7218 


Fiaoure 6 shows a block diagram of an ICM/7218E used in 
a six-bit binary to 64-seqment bar aravh avnvlication. The 
write control block aenerates the write command and address 
of the groun of eiaht segments to be written. The address 
is comnared with the three MS8s of the innut binary value. If 
the address to be written is less than the three MSBs, then 
the data is to be all “’ones’, turnina on those eiaht segments 
coorspondina to the three MSBs. If the address is oareater 
than the three MSBs, the data is to be all “zeroes’%. When 
the address is equal to the three MSBs the data oenerator 
uses the three LSBs of the inout word to determine the point 
at which the bar agrapoh chanaes from on to off. The data is 
found by: 


Ww 


data value = (2 )- 1 
where N is the three bit LSB value ( 0 to 8 ) 


Note that the data sent to the decimal vnoint innut (oin 8) 
needs to be inverted. 


FIGURE 6. SIX-BIT BINARY TO BAR GRAPH APPLICATION 


Alphanumeric LED disvlay systems have recently been 
simolified in the same way that the numeric-only LED disnolay 
system has been simplified by the the ICM7218 family (fioure 
1 and 2). A vair of inteorated circuits dedicated to 14 and 
16 seqment alphanumeric LED disnlays has been develoned - the 
ICM7243A and B. These devices accent a six-bit parallel 


ASCII code, decode it, and drive the appropriate seaments 
of an eiaht character common-cathode display. Figure 7 is the 
block diagram of the ICM/243. The mask proarammable 


character sets and cooresovonding ASCII codes are shown in 
table 2 for the 14 and 16 segment versions. 


FIGURE 7. ICM/7243 BLOCK DIAGRAM 
TABLE 2. ASCII CHARACTER SETS FOR ICM7243 


The ICM7243 has two invut data modes. The Random Access 
(RA) mode allows indenendant addressing of characters by way 
of three diait address lines. The RA mode writes only the 
character addressed. The Serial Access (SA) mode writes 
characters from left to riaht on the display without having 
to externally address each character. Riaht to left writing 
can _be done by wiring the diaits in reverse order. The 
OSC/OFF pin .on the ICM7243 vrovides a shutdown mode which, 
when orounded, will out the display driver in a low-vower 
mode, blankina the displays while the memory section is keot 
active. The DISPLAY FULL and SERIAL ENABLE lines combine to 
make cascadina display drivers easy. An example of a 24- 
character LED disnlay is shown in fioure 8. The MODE lines 
are all tied high to set uo serial inout and DISPLAY FULL is 
connected to SEN of the next device to enable cascading. 
When CHIP SELECT is high, The WRITE line is active-low. If, 
however, active-hiagh is desired, WRITE can be tied low and 
CHIP SELECT used as an active-hiah write line. The 
characters will be written from left to right as new ASCII 
data is presented to the six-bit input bus and the WRITE 
command is given. 


FIGURE 8. 24 CHARACTER ALPHANUMERIC LED MICROCOMPUTER DISPLAY 


Figure 9 shows the use of the OSC/OFF nin to get into the 
shutdown mode. In this examnle two ICM/243s are dedicated to 
the same eiaht characters of the LED display. The drivers 
are enabled alternately verforming a messaae select function. 
When the OSC/OFF nin is brought low by the onen-collector 
inverter all outnuts of that driver are turned off freeina 
its oroup of eight LED characters to be driven by the other 
ICM7243. The disnlay driver is turned on by allowina the 
GSC/GFF wim to: Tlost. 


FIGURE 9. ICM7243 MESSAGE SELECT APPLICATION 


The average segment current of the ICM7243 is’ three 
milliamvoeres maximum (24 milliamos / 8 digits). Thdis: is 
quite enough current to aive aood contrast to the 0.375 or 
0.4 inch high displays. If laroer displays are to be driven 
it is an easy task to connect a simnle transistor current 
boost circuit to each character and segment outnut. The 
current boost circuit shown in fiaure 10 will provide an 
average seaqment current of about 12 milliamos. This current 
should be sufficient to drive larger alohanumeric LED 
disolays now available. 


FIGURE 10. DISPLAY CURRENT BOOST CIRCUIT FOR ICM7243 
__. TRIPLEXED LIQUID CRYSTAL DISPLAYS 


Trivlexinq is a fairly new technique for multiplexing 
liquid crystal disvlays. This technioue requires fewer lines 
to the display than the direct drivinao method described 
oreviously. Tripvlexed disnlays have a row-column 
oroanization with rows beina three sevarate backolanes 
oriented horizontally across the disnlay. The columns of the 
display are ogrouns of three segments connected to the’ same 
input line. Fioure 11 shows details of character layout and 
six-bit ASCII character set for numeric and alohanumeric 
triplexed LCD disnlays. 


A segment is turned on when enouoh AC voltage is anplied 
between the row and column (backnlane and seqment ground) 
cooresnponding to that seament. To keep a seagment. turned off 

the voltages between the row and column for that seqment 
must be less than the threshold for the display. In other 
words, if the AC voltages on the row and column cooresoonding 
to a aqiven segment are larae enough and out of ovhase,. that 
seament will be on. If the voltages are less than the 
display threshold or are in ohase then the seament will be 
off. The switchina oroblems with this type of display 
driving technique are comnlex because the vrover ohase_ and 
voltage relationships must be maintained for each segment of 
the disnlay in order to keep the disolay readable. 


Fortunately, the solution to all of these voroblems need 
only be found once and then only by the enaineer desianina 
trinlexed disolay drivers. The user need only find the right 
disolay driver IC and hook it uo. 


FIGURE 11. TRIPLEXED LCD CHARARACTER LAYOUT AND ASCII 
CHARACTER SET 


A family of four trivlexed LCD display drivers are 
available now in numeric or alnhanumeric form with parallel 
or serial input structure. The ICM7231 and ICM7232 are 
numeric devices that drive eiaht and ten diaits olus two 
anunciators per dioit. The ICM/7233 and ICM/234 are 
alphanumeric devices that drive four and five 1!4-seament 
characters olus two anunciators oer character. Parallel 
innut structure is found on the ICM/7231 and 7233 while the 
ICM7232 and 7234 have serial innut structure. 


i) 


4 


ICM7231 and ICM/234 are shown in fiaure 12. The ICM 7232 has 
serial inout and drives 10 digits and the ICM 7233 has 
ovarallel inpnuts and drives four characters. The advantages 
of this type of display system are? 


-very low power consumption 

-capable of driving large-size displays 
-no external decoding required 

-direct connection to microprocessors 
-serial inpout accomodates remote disnlays. 
-minimum number of lines to the display 


FIGURE 12. ICM7231 AND ICM7234 BLOCK DIAGRAM 


Figure 13 shows an 8048 microcomnuter with an eiaht- 
diait trinlexed LCD disnlay accessable BY nort lines. Four 
of the eiaht lines on the data bus are for data, three for 
diait address, and one for anunciator or decimal point. The 
disolay is written when the write command is aiven to that 
port and the entire disnolay can be written by outpnuttina 
eiaht bytes. Temperature. comnensation for the display is 
done by the resistor-transistor network connected to the 
VDISP oin of the ICM7231. Two other temnerature coeficient 
correctina circuits are shown in fiaure 14. 


FIGURE 13. EIGHT DIGIT TRIPLEXED LCD MICROCOMPUTER DISPLAY 
FIGURE 14. TRIPLEXED LCD TEMPCO COMPENSATION CIRCUITS 


An example of the serial interface connection can _ be 
seen in fiqure 15 where a COPS420C microcomouter has been 
fitted with a 1!0-character alonhanumeric LCD vWisplay. The 
display and drivers can easily be located at some remote 
ovoint in the system and communicate with the microcomouter 
via the four data lines, serial data, serial clock, WRITEI, 
and WRITE2. 


The microcomnuter controls which character is being 
written by sending the aporovriate write pulse and by sendina 
the diait address bits. The last three bits in the strina of 
nine sent to the ICM7234s are the dioit address bits. Since 
the diqit addressing is sent with each data word, the display 
may be written in random access mode. 


FIGURE 15. 10 CHARACTER ALPHANUMERIC TRIPLEXED LCD DISPLAY 
WITH SERIAL MICROCOMPUTER INTERFACE 


The disnlay drivers mentioned here are examnles of how 
CMOS technology is beina used to simnlify the desian of 
numeric and alohanumeric disnlay systems for the user. The 
method of driving (direct, multiplex, trinlex) is not usually 
as important to a system desianer as the questions regarding 
what type of disnlay (LCD, LED, Vacuum Fluorescent, Gas 
Discharae), what size of disnlay, and how many dioits or 
characters’ should be disnlayed. The actual construction of 
display systems is easier now that there is a wide selection 
of decoder/drivers to choose from. 
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FIGURE 1 EIGHT CHARACTER ALPHANUMERIC LED liaise SYSTEM 
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FIGURE 2 EIGHT CHARACTER ALPHANUMERIC LED DISPLAY SYSTEM 


(SINGLE CHIP DESIGN) 
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TABLE 1 HEXADECIMAL AND CODE-B CHARACTER SETS 
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FIGURE 3 EIGHT DIGIT LCD MICROCOMPUTER DISPLAY 
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FIGURE 5 STATUS PANEL EXAMPLES FOR ICM7218 
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FIGURE 6 SIX-BIT BINARY TO BAR GRAPH APPLICATION 
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TABLE 2 ASCII CHARACTER SET FOR ICM7243 
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FIGURE 7 ICM7243 BLOCK DIAGRAM 
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FIGURE 8 24 CHARACTER LED MICROCOMPUTER DISPLAY 


@ CHARACTER DISPLAY 


ND ey 
~ 


CHAR aR SES 


ModE 
lea 293A 
SEN 
WOVE “aig 


wh 


er 


Saas wR  pbo-D0S 


Ba 


ZNI 


BS 


(<4 7243 


FIGURE 9 


IN| NAN? 
NI IZNIIZ NI 


ICM7243 ME .AGE SELECT APPLICATION 


Reka Woe 
Sen 104 729 3 


osyarF we 00 OS” 


CSA 


CHAR SEG 
vISP 
(<aq7T2F3 ue 


‘oS¢/OFE poror Ss) WR 
{ ee 


che SseG 


SEN 


say 724 3 


Ossfos= Do-vps CS 


V+ 


ey 


9 
l SEGmEV T An aad 
109 dd Beets tell “| es 
me 
DISPLAY | 
4 
LEV s ~" 7 osPL AY 
iom7243 Jom?2F 3 | lv W fl f 
i Saad ' Nm 


CHARACTER 
OuTeVT 


yr 


Shindacd )<e@r4 


Cann cron 


LED Covrest boos ~ 


Connestjes 


FIGURE 10 DISPLAY CURRENT BOOST CIRCUIT FOR ICM7243 
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FIGURE 12 ICM7231 AND ICM7234 BLOCK DIAGRAMS 
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FIGURE 13 EIGHT DIGIT TRIPLEXED LCD MICROCOMPUTER DISPLAY 
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FIGURE 15 10 CHARACTER ALPHANUMERIC TRIPLEXED LCD DISPLAY 
WITH SERIAL MICROCOMPUTER INTERFACE 
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FIGURE 14 TRIPLEXED LCD TEMPCO COMPENSATION CIRCUITS 
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The noise performance of the ICL7106/7/9 family is controlled by the 
noise trapped on the auto-zero capacitor at the beginning of the integrate 
se This noise depends (in a complicated way) on the input noise of the 
<< dag amplifier. If the built-in buffer is replaced by a low-noise op amp, 
oe noise performance could be improved, especially if gain can be 

ntroduced into this buffer, as cam be done with the two-chip devices. 
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LF 156, LM339, 8053 turn off Vt + V—, 10V. 


“These values should be changed for ICL7126. 


Figure 23: Low Noise Preamp Circuit. 


Figure 23 shows a way of doing this, the main losses being in higher input 
current and the lack of a true differential input. The switch network of the 
original is replaced by an ICL8053 driven in synchronism with the internal 
counter by using the original switch network—-buffer combination, fed by 
resistive dividers, and a quad comparator to detect the various phases as 
shown. 
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Lots of people ask about an LCD version of the ICM7216/7226 
family. Figure 24 here shows how to do this, using our new 
Triplex Multiplexed LCD Drivers. 


Figure 24. 10 MHz Frequency/Period Pointer with LCD Display. The moeenaren function and the decimal points indicate the range 
of the current operation. The system can be efficiently battery operated. 
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